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Specification 

"APPARATUS FOR CONTROLLING VALVE OPENING/CLOSING 
TIMING" 
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Technical Field 

The present invention relates to an apparatus for controlling 
opening/closing timings of intake/exhaust valves of an internal combustion 
10 engine. 

Background Art 

In an apparatus for controlling opening/closing timings of 
15 intake/exhaust valves of an internal combustion engine, in order to improve 
responsiveness in phase conversion of a rotor member rotatable together 
with a cam shaft, relative to a housing member rotatable together with a 
drive member such as a crank shaft, there is known an apparatus having a 
torsion coil spring for urging the rotor member in a phase advancing 

* 

20 direction relative to the housing member. 

» 

In this case, the torsion spring has one end thereof fixed to the 
housing member and the other end thereof fixed in a retaining groove 
defined in the cam shaft or the rotor member (see e.g. Patent Document 1). 

Further, in an attempt to improve readiness of assembling of the 

25 valve opening/closing timing controlling apparatus to the engine, it has 
been contemplated to fix the torsion coil spring integrally to the apparatus 
to be handled together therewith, and it is conceivable to retain the other 
end of the torsion coil spring within the retaining groove formed in the rotor 
member. In this case, it is necessary to form the retaining groove deep 

30 enough to prevent inadvertent "spring-out" of the other end of the torsion 



1 



> 

coil spring from the retaining groove. 

On the other hand, the end (the other end) of the torsion coil spring 
is moved in the direction of the depth of the retaining groove during an 
operation of the valve opening/closing timing controlling apparatus. 
Therefore, if the depth of the retaining groove is increased, this results in 
corresponding increase in the amount of movement, thus causing frictional 
wear, so that durability problem may arise. 

Patent Document 1: Japanese Patent Application "Kokai" No. 
11-223113 

Disclosure of the Invention 
Object of Invention 

15 In view of the above, in the valve opening/closing timing 

controlling apparatus, the object of the present invention is to allow easier 
and more reliable assembly of the torsion coil spring and also to improve 
the durability. 

20 Solution by Invention 

For accomplishing the above-noted object, according to a first 
characterizing feature of a valve opening/closing timing controlling 

apparatus relating to the present invention, the apparatus comprises: 

» 

25 a housing member rotatable together with a drive member for 

transmitting a drive force; 

a rotor member rotatably assembled with the housing member, a 
vane portion of the rotor member forming, within said housing member, a 
phase-advanced oil chamber and a phase-lagged oil chamber, the rotor 

30 member being rotatable together with a cam shaft; 
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a torsion coil spring for urging the rotor member relative to the 
housing member in a phase advancing direction; and 

a hydraulic circuit for controlling feeding/discharging of work oil to 
or from said phase-advanced oil chamber or said phase-lagged oil chamber; 
5 wherein said torsion coil spring has one end thereof fixed to said 

housing member and the other end thereof fixed to a projection provided on 
said rotor member. 

With the above-described first characterizing feature, when the 
torsion coil spring is to be fixed to the valve opening/closing timing 
10 controlling apparatus, one end of this torsion coil spring is fixed to the 
housing member and the other end thereof is fixed to the projection 
provided on the rotor member. 

With this construction, in particular, since the other end of the 
torsion coil spring is to be retained to the projection, the torsion coil spring 
15 can be fixed easily with facilitated retention of the spring. For this reason, 
the assembly of the torsion coil spring to the valve opening/closing timing 
controlling apparatus can be carried out easily and reliably. 

Further, according to a second characterizing feature of the 
present invention, the other end of the torsion coil spring is retained in a 
20 retaining groove defined in said projection of the rotor member. 

With the above-described second characterizing feature, as the 
other end of the torsion coil spring is retained in the retaining groove, the 
torsion coil spring can be fixed to the apparatus in even more reliable 
manner. 

25 In the course of the above, the retaining operation of the other end 

of the torsion coil spring can effectively utilize the frictional force relative to 
the retaining groove. With these combined, the spring-out of the other end 
of the torsion coil spring from the retaining groove can be avoided reliably. 

Therefore, the assembly of the torsion coil spring to the valve 

30 opening/closing timing controlling apparatus and the assembly of this 
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apparatus to the engine or the like can be carried out easily and reliably. 

Further, according to a third characterizing feature of the present 
invention, the other end of the torsion coil spring is clamped between the 
retaining groove provided in the rotor member and a positioning pin 
5 inserted in the retaining groove for positioning the rotor member relative to 
the cam shaft. 

With the above-described third characterizing feature, as the other 
end of the torsion coil spring is clamped between the retaining groove and 
the positioning pin, it is possible to restrict displacement of the other end of 
10 the torsion coil spring along a depth direction of the retaining groove during 
an operation of the apparatus. As a result, frictional wear of the torsion 
spring or the rotor member and the housing member can be prevented. 

Further, according to a fourth characterizing feature of the present 
invention, a valve opening/closing timing controlling apparatus comprises: 
15 a housing member rotatable together with a drive member; 

a rotor member rotatably assembled with the housing member, a 
vane portion of the rotor member forming, within said housing member, a 
phase-advanced oil chamber and a phase-lagged oil chamber, the rotor 
member being rotatable together with a cam shaft; 
20 a torsion coil spring for urging the rotor member relative to the 

housing member in a phase advancing direction; and 

a hydraulic circuit for controlling feeding/discharging of work oil to 
or from said phase-advanced oil chamber or said phase-lagged oil chamber; 

wherein said torsion coil spring has one end thereof fixed to said 
25 housing member and the other end thereof fixed to a recessed portion 

* 

formed concave in a retaining groove formed in said rotor member. 

With the above-described fourth characterizing feature, when the 
torsion coil spring is to be fixed to the valve opening/closing timing 
controlling apparatus, one end of this torsion coil spring is fixed to the 
30 housing member and the other end thereof is fixed to the recessed portion 
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formed concave in the retaining groove formed in the rotor member. With 
this, displacement of the other end can be reliably prevented and the 
torsion coil spring can be fixed to the apparatus in a reliable manner. 

Therefore, the inadvertent spring-out of the other end of the 
torsion coil spring from the retaining groove can be prevented reliably. 
Accordingly, the assembly of the torsion coil spring to the valve 
opening/closing timing controlling apparatus and the assembly of this 
apparatus to the engine or the like can be carried out easily and reliably. 

Further, according to a fifth characterizing feature of the present 
invention, the other end of the torsion coil spring is clamped between the 
retaining groove and a positioning pin for positioning the rotor member 
relative to the cam shaft. 

With the above-described fifth characterizing feature, as the other 
end of the torsion coil spring is clamped between the retaining groove and 
the positioning pin, it is possible to restrict displacement of the other end of 
the torsion coil spring along a depth direction of the retaining groove during 
an operation of the apparatus. As a result, fiictional wear of the torsion 
spring or the rotor member and the housing member can be prevented. 

Effect of the Invention 

As described above, with the valve opening/closing timing 
controlling apparatus according to the present invention, there can be 
obtained a construction which allows easy and reliable assembly of the 
25 torsion coil spring and which improves the durability. 

Best Mode of Embodying the Invention 

A valve opening/closing timing controlling apparatus shown in Figs. 
30 1 through 3 includes: a valve opening/closing rotor member 2 comprising a 
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rotor 20 assembled integrally with a leading end of an intake cam shaft 10 
rotatably supported to an unillustrated cylinder head of an internal 
combustion engine; a housing member 3 including a housing 30, a front 
plate 40, a rear plate 50 and a timing sprocket 51 provided integrally on the 
5 outer periphery of the rear plate 50; four vanes 70 assembled to the rotor 
20; and a lock key 80 assembled to the housing 30. 

The housing 30 is mounted outwardly on the outer periphery of the 
rotor 20 to be rotatable over a predetermined angular range relative thereto. 
Further, to opposed sides of the housing 30, there are connected the 

10 annular front plate 40 and the bottomed cylindrical rear plate 50 defining a 
recessed portion 52 at the center thereof, with the housing 30, the front 
plate 40 and the rear plate 50 being integrally connected to each other via 
five connecting bolts 92. 

Incidentally, the timing sprocket 51 receives a rotational drive 

15 force clockwise in Fig. 2 via a timing gear 110 mounted on an unillustrated 
exhaust cam shaft (drive member). 

In the inner periphery of the housing 30, there are formed four 
shoe portions 33 distributed along the peripheral direction. As inner 
peripheral faces of these shoe portions 33 are in contact with each other on 

20 the outer peripheral face of the rotor 20, the housing 30 is rotatably 
supported to the rotor 20. With this, between the front plate 40 arid the 
rear plate 50 as viewed in the axial direction and between the housing 30 
and the rotor 20 as viewed in the radial direction and between the adjacent 
shoe portions 33 as viewed in the peripheral direction, there are formed 

25 hydraulic chambers R0. Each hydraulic chamber R0 is sectioned into a 
phase-advanced chamber Rl and a phase-lagged chamber R2 by an 
associated vane 70. 

Further, a chosen shoe portion defines a retraction groove 34 
accommodating the lock key 80 and an accommodating groove 35 

30 communicated with the retraction groove 34 and accommodating therein a 
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spring 81 for urging the lock key 80 radially inward. 

The relative rotation amount between the rotor 20 and the housing 
30 depends on the peripheral width (extension angle) of the hydraulic 
chamber R0. On the most phase-advanced side, the relative rotation is 
5 restricted at the position where the vane 70A contacts one peripheral side of 
the shoe portion 33A. On the most phase-lagged side, the relative rotation 
is restricted at the position where the vane 70B contacts one peripheral side 
of the shoe portion 33B. On the phase-lagged side, the relative rotation 
between the rotor 20 and the housing 30 is restricted by the head of the lock 

10 key 80 entering a receiving groove 22 of the rotor 20. 

Referring to the rotor 20, at one end thereof (right side in Fig. 1), 
there is integrally formed a projection 28 defining an axially extending 
hollow cylindrical portion 28a and at the other end thereof, there is formed 
a recessed portion 29. 

15 Further, within a retaining groove 28b defined at an end of the 

projection 28, there is retained a positioning pin 90 fixed to an end face of 
the cam shaft 10 opposed to the retaining groove 28b, whereby the rotor 20 
and the cam shaft 10 are positioned relative to each other and are fixed via 
the cylindrical portion 28a by a single attaching bolt 91. 

20 Prior to the connection of the rotor 20 to the cam shaft 10, the 

positioning pin 90 is pressed into the cam shaft 10 along the axial direction 
(from the left side in Fig. 1) of the cam shaft 10, thus being fixed to the cam 
shaft 10. 

Within the recessed portion 29, there is inserted a shaft portion 61 
25 provided in an unillustrated cover member for covering the valve 
opening/closing timing controlling apparatus, the shaft portion 61 including 
a phase-advanced oil passage 65 and a phase-lagged oil passage 66. 

Also, the rotor 20 includes four vane groove 21, a lock key receiving 
groove 22 and four phase-advanced passages 23 and four phase-lagged 
30 passages 24 extending along the radial direction. 
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To each vane groove 21, a vane 70 is attached to be movable in the 
radial direction. And, between the vane groove 21 and the vane 70, there 
is fitted a van spring 73, and a leading end of the vane 70 is placed in 
pressed contact with the inner peripheral face of the housing 30. 

Into the receiving groove 22, the head of the lock key 80 will be 
engaged by a predetermined amount, upon realisation of the condition 
illustrated in Fig. 2, namely, upon establishment of synchronization of the 
relative position between the rotor 20 and the housing 30 with a 
predetermined relative phase (the most phase-lagged position). Further, 
when the lock key 80 is received with the retraction groove 34, there is 
formed a passage 27 communicating between a phase-advanced passage 
23 A and the phase-advanced chamber Rl, along the outer periphery of the 
rotor 20. 

A torsion coil spring 55 is mounted between the rotor 20 assembled 
integral with the cam shaft 10 and the rear plate 50 assembled integral 
with the housing 30, more particularly, within a tubular space formed 
between the recessed portion 52 of the rear plate 50 and the projection 28 of 
the rotor 20. 

One end 55a of the torsion coil spring 55 is retained in a retaining 
groove 52a defined open in the recessed portion 52 and the other end 55b 
thereof is retained in the retaining groove 28b of the rotor 20. Further, in 
this retaining groove 28b, there is retained also the positioning pin 90 as 
described hereinbefore. Therefore, with this positioning pin 90, it is 
possible to restrict displacement of the other end 55b of the torsion coil 
spring 55 along the depth direction of the retaining groove 28b, during an 
operation of the valve opening/closing timing controlling apparatus. As a 
result, it is possible to prevent frictional wear in the torsion coil spring 55 or 
in the rotor 20 and the housing 30. 

This torsion coil spring 55 is provided, considering a force applied 
in the phase lagging direction to the rotor 20 during an operation of the 
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internal combustion engine relative to e.g. the housing 30, due to variation 
occurring in the torque applied to the cam shaft 10. That is to say, this 
torsion coil spring 55 urges the rotor 20 in the phase advancing side relative 
to the housing 30, the front plate 40 and the rear plate 50, so as to improve 
5 responsiveness in phase conversion of the rotor 20 in the phase advancing 
side. 

The shaft portion 61 includes, along the direction of its axis, the 
phase-advanced passage (hydraulic circuit) 65 and the phase-lagged oil 
passage (hydraulic circuit) 66. The phase-advanced passage 65 is open to 

10 an end 62 of the shaft portion 61 and communicated with a space 29a 
delimited by the end 62 and the recessed portion 29. The space 29a is 
communicated, via the phase-advanced oil passage 23, with the 
phase-advanced oil chamber Rl. 

Further, the phase-lagged passage 66 has its side adjacent the end 

15 62 plugged by a plug member 66c ad is communicated, through an oil 
passage 66a formed radially in the shaft portion 61, with an oil groove 66b 
defined in the outer periphery of the shaft portion 61. At an opposing 
position of the recessed portion 29 of the rotor 20 opposed to the oil passage 
66b, a phase-lagged oil passage 24 is open. Between the oil groove 66b and 

20 the space 29a, a seal member 67 is interposed for proving liquid-tight 
sealing therebetween. Further, between the oil groove 66b and the outside 
(atmosphere side), a seal member 68 is provided for proving liquid-tight 
sealing therebetween. 

Each of the phase-advanced passage Qiydraulic circuit) 65 and the 

25 phase-lagged passage (hydraulic circuit) 66 is connected to an unillustrated 
switch valve, which is a well-known switch valve operable to move a spool 
against a spring, upon power supply to a solenoid thereof. 

Further, when no power is supplied to the switch valve, a feed 
portion connected to an oil pump driven by the internal combustion engine 

30 is communicated with the phase-lagged passage 66 whereas the 
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phase-advanced passage 65 is communicated with a discharge port 
connected to a discharge tank. 

On the other hand, when power is supplied to the switch valve, the 
feed port is communicated with the phase-advanced passage 65, whereas 
5 the discharge port is communicated with the phase-lagged passage 66. 
The switch valve, the oil pump etc. together constitute a hydraulic circuit. 

Next, the operation of the above-described valve opening/closing 
timing controlling apparatus according to the first embodiment will be 
described. 

10 In the operation of the valve opening/closing timing controlling 

apparatus according to the instant embodiment, upon establishment of the 
condition illustrated in Fig. 2, namely, when the head of the lock key 80 has 
been engaged by the predetermined amount into the receiving groove 22 of 
the rotor 20, thus providing a locked condition restricting the relative 

15 rotation between the rotor 20 and the housing 30 at the most phase-lagged 
position, the duty ratio for supplying power to the solenoid of the switch 
valve is increased and the spool position is switched over. 

And, the working oil (oil pressure) fed from the oil pump is fed, 
through the feed port of the switch valve, the phase-advanced passage 

20 65,the space 29a and the passage 23, to the phase-advanced chamber Rl. 

Also, the working oil (oil pressure) is fed also through the passage 
23A to the receiving groove 22. On the other hand, the working oil (oil 
pressure) which has been present inside the phase-lagged oil chamber R2 is 
now discharged, through the passage 24, the oil groove 66b, the oil passage 

25 66a and the phase-lagged passage 66, from the discharge port of the switch 
valve. 

In the course of the above, the lock key 80 is moved against the 
spring 81, and its head is disengaged from the receiving groove 22, thus 
releasing the locked condition between the rotor 20 and the housing 30. 
30 With this, the rotor 20 rotatable together with the cam shaft 10 and each 
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vane 70 are rotated in the phase advancing side (clockwise) R relative to the 
housing 30 and the plates 40, 50. This relative rotation can proceed from 
the most phase-lagged condition shown in Fig. 2 to a most phase-advanced 
condition (not shown). 

When the lock key 30 has moved out of the receiving groove 22, in 
association with progressive decrease in the duty ratio for supplying power 
to the switch valve, the working oil can be fed into each phase-lagged oil 
chamber R2. Whereas, the working oil can be discharged from each 
phase-advanced oil chamber Rl. Accordingly, from the position of the 
most phase-advanced condition to the position of the most phase-lagged 
condition shown in Fig. 2 in a stepless manner, the rotor 20 and each vane 
70 can be rotated to the phase lagging side (counter-clockwise direction) 
relative to the housing 30 and the two plates 40, 50, etc. 

Next, a second embodiment of the present invention will be 
described. 

In this second embodiment, as shown in Figs. 4 and 5, the other 
end 55b of the torsion coil spring 55 is retained in a recessed portion 28c 
formed concave in the retaining groove 28b formed in the rotor 20. The 
rest of the construction is identical to that of the first embodiment, 
therefore, same reference numerals are provided therein and explanation 
thereof will be omitted. 

In order to cause the torsion coil spring 55 and the apparatus to be 
integrally fixed together, thus handled together, for the purpose of 
facilitated assembly of the valve opening/closing timing controlling 
apparatus to the cam shaft, the engine, etc., the other end 55b of the torsion 
coil spring 55 is retained in the retaining groove 28b defined in the rotor 20. 
In this, in order to prevent "spring-out" of the other end 55b of the torsion 
coil spring 55 from the retaining groove 28b, it is necessary to increase the 
depth of the retaining groove 28b. Further, the torsion coil spring 55 can 
be fixed to the apparatus, with the other end 55b of the torsion coil spring 
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55 being retained in the recessed portion 28c. With this, the assembly can 
be carried out easily and reliably. 

Further, the other end 55b of the torsion coil spring 55 can be 
clamped between the retaining groove 28b and the positioning pin 90. 
5 That is, by clamping the other end 55b of the torsion coil spring 55 between 

♦ 

the retaining groove 28b and the positioning pin 90, it is possible to restrict 
displacement of the other end 55b of the torsion coil spring 55 within the 
retaining groove 28b in the direction of its depth, during an operation of the 
apparatus. Therefore, frictional wear of the torsion coil spring can be 

10 prevented. 

Next, a method for assembling the valve opening/closing timing 
controlling apparatus to the cam shaft 10 will be explained. 

First, the one end 55a of the torsion coil spring 55 is retained in the 
retaining groove 52a of the recessed portion 52 of the rear plate 50 and the 
15 other end 55b is retained in the retaining groove 28b of the projection 28 of 
the rotor 20, thus assembling the torsion coil spring 55 to the valve 
opening/closing timing controlling apparatus. 

Under the above condition, the retaining groove 28b and the 
positioning pin 90 are fixed in position relative to each other in the 
20 peripheral direction, to be engaged with each other. Under this condition, 
the other end 55b of the torsion coil spring 55 is clamped by the bottom face 
of the retaining groove 28b and the leading end of the positioning pin 90. 

Then, the valve opening/closing timing controlling apparatus is 
fixed to the cam shaft 10 by the attaching bolt 91. 
25 Incidentally, in the foregoing embodiments, the present invention 

is applied to the intake cam shaft. The invention is not limited thereto, 
but may be applied to an exhaust cam shaft also. 

Industrial Applicability 

30 
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The valve opening/closing timing controlling apparatus can be used 
for e.g. controlling opening/closing timings of intake/exhaust valves of an 
internal combustion engine. 

5 Brief Description of the Drawings 

[Fig. 1] a vertical section of a valve opening/closing timing 
controlling apparatus showing a first embodiment of the present invention, 

[Fig. 21 a section taken along line A- A in Fig. 1, 
10 [Fig. 3] a front view as seen along a direction of arrow B in Fig. 1, 

[Fig. 4] a front view showing a valve opening/closing timing 
controlling apparatus showing a second embodiment of the present 
invention as seen from a direction of arrow B in Fig. 1, 

[Fig. 5] side view as seen from a direction of arrow C in Fig. 4. 

15 . 
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projection 
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recessed portion 
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torsion coil spring 
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one end 




55b 


the other end 




65 


phase-advanced passage (hydraulic circuit) 




66 


phase-lagged passage (hydraulic circuit) 




70 


vane (vane portion) 
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90 


positioning pin 
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timing gear (drive member) 
phase-advanced oil chamber 
phase-lagged oil chamber 
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